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PREFACE 


PREFACE 


The purpose of this manual is to familiarize the user with the 
TMS7000 Emulator board, the target connector and the function of 
the status indicators on the XDS, (Extended Development Support 
System). This manual also describes installation instructions 
for the TMS7000 Emulator board, PN 2311080-0001, including the 
target connector. The user and installer should read this manual 
before attempting to operate or install any of the TMS/000 
Emulator equipment. If the TMS/000 Emulator is removed from the 
XDS, this manual should be kept with the emulator for reference 
during future installation. 


The following publications are available to support’ this 
manual: 


Title Part Number 
XDS TMS7000 Emulator User's Guide 1603829-9701 
XDS Breakpoint Trace Installation and 
Operation Guide 1603442-9701 
XDS/22 Installation and Operation Guide 1603443-9701 
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SEC PION] 
TMS7000 EMU INSTALLATION 


1.1 INTRODUCTION 


When the 1MS7000 Emulator is delivered with one of the XDS 
models, the emulator board with the target connector’ should 
already be installed. Refer to this section if the board is not 
installed or if it is to be moved. Also refer to this section if 
you wish to change the board options. 


1.1.1 Board Preparation and Options. 


The TMS7000 Emulator board may be configured to support’ the 
NMOS version of the TMS7000 family and, with some limitation, the 
CMOS version. To incorporate this option, you must change the 
jumper configuration. Also, you can change the frequency of the 
on-board clock by changing the crystal on the emulator board. 


1.1.1.1 Jumper Configuration. 


Jumpers El through £5 can each be configured in two 
positions. The first is the jumper plug placed on the lower’ two 
of the three stakes which are are the stakes closest to the edge 
connector of the board. The second position is with the jumper 
plug placed on the upper two stakes. Before installing the 
board, make sure that you have installed jumpers El through E2 on 
the lower two stakes and that you have installed E5 on the upper 
two. The only exception to this configuration is when you desire 
CMOS emulation. To achieve an edge-only trigger on INT1-, you 
must install jumper El on the upper two stakes. Appendix E of 
the TMS7000 Emulator User's Guide provides further information on 
how CMOS emulation is supported. 


1.1.1.2 Configuring Clock Frequency. 


You can change the frequency of the on-board system clock by 
replacing crystal Yl with a parallel resonant crystal of a 
different value. The factory installes a 5 MHz crystal, which 
allows you to select internal operating frequencies of 2.5 or 
1.25 MHz. If you elect to install a crystal of your own, you 
must make certain that the resulting operating frequency does not 
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exceed the maximum specified by the processor's data manual. The 
emulator will power up with a divide-by-4 option selected. This 
means that you could instal] a 10 MHz crystal and the emulator 
would run at 2.5 MHz internal as long as the divide-by-4 clock 
option was not altered by the INIT command. 


If you are to have access to all 64K of on board memory 
expansion, the slowest frequency of operation allowed for the 
TMS7000 emulator is 320 KHz. If you are able to give up half of 
the available memory expansion, you can run the emulator as slow 
as 160KHz internal. It is your responsibility to tell the 
emulator that it will be running slower than 320 KHz by entering 
the proper response during the INIT command. You should not 
install a crystal with a value smaller than 640KHz, as the 
emulator powers up with the divide-by-four option selected. 
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Figure 1-1 JTMS/7000 Emulator Board -- PN 2311080-0001 
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1.1.2 Board Installation. 


CAUTION 


BEFORE INSTALLING OR REMOVING ANY BOARD, TURN 
OFF THE POWER TO THE XDS UNIT. 


The XDS Model XX Installation and Operation Guide describes the 
procedure for installing or removing boards from the XDS unit. 
Refer to the manual appropriate for the XDS Model you are using. 
If an emulator board or board set is currently installed in the 
XDS, it must be removed before the TMS/000 emulator board can be 
installed. 


Boards removed from the chassis should be stored so that 
they are protected from static discharge. Erase the board 
information on the chassis configuration label for each circuit 
board removed. 


For the TMS7000 Emulator board, enter the _ following 


information, as given in Table 1-1, on the chassis configuration 
label. 


Table 1-1 Chassis Configuration Label Information 


Block Title 


PWB Description 


Information to be Entered 


TMS7000 EMU 
Part No } 2311080-0001 


Rev | ENTER REVISION LETTER FROM 


TMS7000 EMU BOARD. 
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TMS7000 EMU INSTALLATION 


appropriate XDS installation and operation guide. 


CAUTION 


DO NOT OPERATE THE XDS UNIT WITH THE FRONT 
PANEL REMOVED. THE FRONT PANEL IS REQUIRED 
FOR PROPER AIR CIRCULATION AND COOLING OF THE 
CIRCUIT BOARDS. THE FRONT PANEL IS ALSO 
REQUIRED TO PREVENT LEAKAGE OF  RFI/EMI 
RADIATION. 


instructions 


in the 


Restore power to the XDS unit. Then wait at least eight 


seconds before you activate the monitor. 


Activate the monitor by 


entering two carriage returns from the terminal keyboard. The 
screen displays the following: 


TEXAS INSTRUMENTS 
TMS7000 = XDS VERSION 1.0.0 


COMMANDS : 
INIT IM DR RUN BP TR HOST IMP 
IPC DM MR CRUN BPM TRM THC = IMD 
IPORT MM SS TRIX = UL ID 
ICC FILL SRR SIB SOR DL BGND 
RCC FIND 
RESTART XA ARM DPS SSB IT LOG GRUN 
BLK XRA DISARM DHS CSB DT SNAP TRUN 
EXP STOP DTS DSB HELP GHALT 
CASB THALT 
VARIABLES: 
PC A R C Z ROM 
ST B P N I 
SP 


If the monitor does not respond with the proper display, 


check the 


installation of the TMS7000 Emulator board. 


Refer to 


the appropriate XDS installation and operation guide to ensure 
correct connection to the terminal. 
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1.1.3 Target Connector. 


The target connector is permanently connected to the target 
cables and does not require additional customer installation. 
The target connector uses an Augat socket to interface to the 
target system. A spare socket is supplied with the emulator and 
Should be safeguarded for future use. The target connector 
should be handled with care at all times. 
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2.1 INTRODUCTION 


Tne emulator operates primarily with the emulator software 
that is referenced in the XDS TMS7000 Emulator User's Guide. The 
XDS Installation and Operation Guide discusses the hardware 
features and connections. The hardware features are highlighted 
below: 


1. POWER SWITCH: Turns on power to the unit. (Not 
applicable for the XDS Model 11) 


2. POWER LIGHT: Lights when power is applied to the unit. 


3. RESET SWITCH: Returns emulator to control mode and 
regains synchronization with the system clock. 


4. STATUS LIGHTS: Indicates emulator status. 


The status lights and power requirements are unique for each 
emulator and are discussed below for the IMS/7000 Emulator. 


2.2 Status Indicator Lights 


The XDS has four status indicator tights controlled by the 
TMS7000 Emulator. The function of these lights is as follows: 


Ll. Status Indicator #1 -- IDLE -- The idle lignt comes on 
when the emulator spins on an idle instruction in your 
program. The optional breakpoint/trace board must be 
installed in the XDS for the Idle lignt, to operate. 
The Idle indicator resets upon an interrupt or a4 
breakpoint. 


2» Status: Indicator #2 == INVERRUP]. 1 EINE-ACTIVE == “This 
light comes on when a level 1 interrupt is sensed on 
the INT1- pin. It will remain lighted only when a low 
level is present on the INT1- pin. 
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3. Status Indicator #3 -- INTERRUPT 3 LINE ACTIVE -- This 
light comes on when a level 3 interrupt is sensed on 
the INT3- pin. It will remain lighted only when a_ low 
level is present on the INI3~- pin. 


4. Status Indicator #4 -- RUNNING -- This light comes on 
and remains lighted when the emulator executes user 
code. 


2.3 TARGET CONNECTOR 


The target connector is installed in the target system in 
place of the processor to be emulated. The target system can be 
any circuit that incorperates one or more processors. The target 
connector pin assignments are provided in section 3. The target 
conndectoe does not require VCC from the target system. 


2.3.1 Handling the Target Connector. 


Because the pins are extreamly delicate, handle the target 
connector with extream care at all times. Take the following 
precautions when handling the target connector. 


1. To prevent an accidental short when connecting or 
disconnecting the target connector, you should power 
down the target system and the XDS unit. 


NOTE 


The XDS may not operate correctly when the 
target connector is connected to a system 
that is not powered up. 


2. When the target connector is not in use, the pins must 
be protected to prevent physical damage to the pins and 
the XDS unit resulting from electrical short circuits. 
You can protect the pins by using either the gray 
plastic pin cover supplied with the unit = or non- 
conductive foam. Conductive material should never be 
used to protect the target connector pins, as this may 
Cause operation problems with the emulator. 


Texas Instruments 2-2 


HARDWARE FEATURES 


2.3.2 Target Connector Features. 


The target connector incorporates the following features to 
Simplify your task of working with the target connector and the 
emulator system. 


1. The yellow dot on the target connector, references the 
location of pin 1. Figure 2-1 shows the location of 
the yellow dot with respect to pin l. 


“TEST PINS 
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INDICATOR | 
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o NUMBER 1 


Troe 


‘GROUND CLIP 


ae 
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Figure 2-1 Target Connector With Pin Cover in Place 


Texas Instruments o=3 


HARDWARE FEATURES 


2. Test pins are located on the top of the target 
connector and correspond one-to-one to the pins that 
plug into the target system. The exception to this 
one-to-one configuration is pins 17, 18, and 25 which 
are open. You should use push-on test probes rather 
than clips or hooks. 


3. A ground connection is provided at each end of the 
target connector. These connections mate with the 
ground cable provided with the emulator. This cable is 
screwed into the target connector and should be clipped 
to a ground post on the target system. 


NOTE 


To ensure a good ground of the target system 
to target connector, you must_ properly 
install the target connector grounding cable. 
This precaution is particulary important when 
the system is operating at high frequencies. 


4. The target connector pin interface to the target system 
is a 40-pin socket. This socket can be removed from 
the target connector and replaced if a pin is broken. 
One extra socket is included with the emulator and 
should be safeguarded for this use. If you need more 
replacement sockets, you should use Auget #540-AG10D. 
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2.4 POWER REQUIREMENTS 


Table 2-1 shows The DC power requirements for the 1TMS7000 
Emulator board. You can use this information to calculate the 
total DC power requirements of the XDS system. When adding new 
boards to the system you should make this DC Power calculation to 
ensure that the power supply will not be overloaded. Refer to 
the appropriate XDS installation and operation guide for the 
power supply rating information. You can obtain the power 
requirements for the other circuit boards from their appropriate 
reference manuals. 


Table 2-1  TMS7000 Emulator DC Power Requirements 


+5 Volts ! + 12 Volts ! - 12 Volts 
(Amps) | (Amps) | (Amps) 
! I 
re eee i esa ee, ee 
15 0.0 ! 0.0 
1 I 
I | 
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SECTION 3 


EMULATOR SPECIFICATIONS 


3.1 INTRODUCTION 


This secton describes the following for the IMS/000 family: 
1. Capacitor values for crystal inputs 
2. Pin Assignments 


3. Theory of Operation 


3.2 Tank Capacitor Values for a Target Crystal 


When using external crystals for clock inputs, you must 
instal] a capacitor from pin 17 or pin 18 to ground. Although 
the processor data book for the JMS/000 series processors 
recommends the use of 15pF tank capacitors on pins 1/7 and 18, 
this is not the case for the XDS. When using the XDS _ TMS/000 
Emulator system, you should use the following capacitor values in 
your target system: 


1. Pin 17 to Ground, 39pF 


2. Pin 18 to Ground, 10pF 


Texas Instruments 3-1] 


EMULATOR SPECIFICATIONS 


3.3 TMS7000 Family Pin Assignments 


Table 3-1 shows the target connector pin assignments for the 
TMS7000. 


Table 3-1 TMS/7000 Target Connector Pin Assignments 


PIN ! PIN ; I/O 4 DESCRIPTION 
SIGNATURE ! NUMBER! ! 
—------------ $o------- 4+ - $= - = ++ 
AO (LSB) 1 66 ! IN ! I/O Port A: General Purpose 
Al ! 7 ! IN ! Bidirectional Lines 
A2 i 8 ! IN ! 
A3 ; 9 ! IN ! 
A4 ! 10 ! IN ! 
A5/RXD 16 IN ! 
A6/SCLK 1 15 ! IN ! 
! t t 
i ! ' 
BO (LSB) 1 63 | OUT ! I/O Port B: General Purpose 
Bl 4 ' OUT ! Output Lines 
B2 aes ' OUT ! 
B3/TXD 37 ! OUT 3! 
B4/ALATCH 1 38 ' OUT ! 
BS/RW- ! 1 ' OUT ! 
B6/ENABLE- ! 39 ' OUT ! 
B7/CLOCK OUT |= 2 ! OUT ! 
t ! | 
! I 1 
CO (LSB) | —§—6-28 | 1/0 |! I/O Port C: General Purpose 
Cl 1 29 ' I/O ! Bidirectional Lines 
C2 1 = 30 1 T/O ! 
C3 331 t WZO: -s 
C4 1 32 i I/0O !} 
C5 1 33 | I/O $ 
C6 1 34 i T/od ! 
C7 (MSB) 1 §635 1 avr a 
J I 
| 1 | 
DO (LSB) ! 27 { I/O }! I/O Port D: kGeneral Purpose 
D1 1 26 | §1/0 ! Bidirectional Lines 
D2 1 624 ' T/oO !} 
D3 1 623 ' I/O ! 
D4 U.. 322 ' T/O } 
D5 . 24 f- JAfOe. 4 
D6 ' §©20 ; I/O- 
D7 (MSB) ! §19 r agZQ +! 
t I i 
| i t 
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Table 3-1 TMS/7000 Tkarget Connector Pin Assignments Continued 


PIN 1 PIN ' J/0 3 DESCRIPTION 
SIGNATURE ! NUMBER $$! 

------------- tem a pn 

INT1- 1 13 ! IN ! Maskable Interrupt 

INT3- ' 12 ! IN | Maskable Interrupt 

RESET- 1 614 ! IN | RESET- 
i | ! 
{ | I 

MC | 36 ! IN |! Memory Control 
i i ! 
’ 1 i 

XTAL2/CLKIN ! 17 ! IN ! Crystal input for control of 
! internal OSC; input pin for 
! ! ' external OSC or LRC networks 
| t 1 
I 1 t 

XTALI ; 18 ! IN ! Crystal input for control of 
! ! jnternal OSC; leave open for 
! ! ' external OSC. 
! J ! 
i ! 1 

VCC ft 25 ! ! No connection 
{ ! I 
! I i 

VSS 1 40 ! IN ! Ground reference 
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3.4 Theory of Operation of the TMS/000 Emulaotr 


The purpose of this section will be to convey to an engineer 
or technician the general theory behind the emulator in order to 
fascilitate debug and repair of XDS 7000 emulators. In order to 
gain a full understanding of the discussion in this manual, the 
reader should obtain a copy of the JMS/000 emulator logic 
diagrams, P/N 2311082-9901. 


3.4.1 OVERVIEW. The block diagram for the emulator is shown in 
figure 1. The TIMS9996 microprocessor on the left hand side 
serves as the emulator's master controller. It communicates with 
the user at his terminal via one of the TMS9902's, and with the 
host computer (if there is one) via the other 9902. It stops and 
starts the TMS7041SE (system emulator chip) and tells it what 
information to fetch. It programs and retrieves information from 
the Breakpoint/Trace board via the system bus, Pl and P2. The 
9996 runs out of the control program stored in the 2/128 eproms, 
U41 and U42. The 4K X 8 rams, U49 and U50 serve as temporary 
data storage for the control program. 


The TMS7041SE device on the right hand side of the diagram 
provides the run-time processor emulation seen by the user at the 
target connector. It is a special device with all of the normal 
pins found cn a TMS/041 plus an additional address, data and 
control bus for emulator functions. 


The 9996 can stop and start the /041SE by means of the 
freeze logic. When the 7041SE is not running (frozen), the 9996 
can request that the SE read from or write to areas in user 
memory or on-chip registers such as the PC, ST and SP. 
Communication between the SE and the 96 is performed via the 
LS299 serial to parallel shift register, U29. The 96 talks to 
the SE with its CRU instructions, and the SE sends and receives 
data via the SEDATA bus. 


In order for the SE to know what the 96 wants it to do, a 
special group of 8-bit "tags" was developed which give the SE 
special instructions such as “read your pc and load it on to the 
sedata bus" or "store the following byte at address >7000". 
These tags are sent to the SE via the LS299 shift register, U21. 
When the SE is not running, its "freeze-" line is used as a data 
Strobe to transfer data in and out of the SE. When the 96 wants 
the SE to start executing user code again, it will send out an 
“end of freeze" tag. Exact timing relationships and more detail 
on 7041SE operation can be found in Appendix A. 
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When the emulator is in "RUN" mode, i.e. the 7041SE is 
running user code and emulating the device, the Breakpoint/Trace 
card monitors what is on the 7041's internal address and data bus 
via the SEADDRESS and SEDATA bus. Because these busses are 
seperate from the user's address and data bus, complete 
transparancy is achieved with no additional loading. Even 
accesses to internal memory locations are sent out on the 
SEADDRESS and SEDATA bus to allow the B/T card to breakpoint and 
trace on these locations. 


The emulator comes with 64K of D-RAM on board which serves 
two functions. The 7041SE has no rom on-chip, so _ rom is 
simulated in D-RAM. Also, the user is allowed to map in the D- 
RAM as memory expansion to take the place of target system 
memory. The parity logic flags the 96 whenever the SE_ gets 
parity errors on D-RAM accesses. A parity error will cause the 
SE to stop running and an error message to be relayed to the user 
at his terminal. 


A special section of logic was added to allow’ the 
breakpoint/trace card to be stopped and examined even while the 
SE is running user code. This is referred to as the ARM/DISARM 
logic on the block diagram. This feature was added to aid users 
designing real timer controllers where it may cause problems to 
stop the processor in mid stream. 


The 64K X 1 D-RAM at U13 allows a user to program so-called 
software breakpointswhich do not require that a breakpoint/trace 
card be installed. The ram monitorsthe SEADDRESS bus and can be 
programmed to breakpoint on any address, although monitor 
firmware only allows a user to program up to 10 breakpoints by 
this method. 


The clock logic allows a user to select either the clock 
generated by the on-board oscillator chip (U1) or to select the 
target system clock. It also allows the selection of a divide- 
by-two or divide-by-four input. The 96 programs the selector, 
U24, to provide the input desired by the user. 


The Run-On-Reset logic, (ROR), was designed to hold the SE 
in a _ frozen state until a reset was sensed at the target veset- 
line. At that point, the emulator would begin executing user 
code at the address in its PC. Due to code space limitations 
however, this feature is not presently being implimented. 


The interrupt logic allows selection of either edge-only or 
both edge and level interrupt triggers for INT1- and INT3-. The 
jumpers at El and E2 are used to select which mode is desired. 
For NMOS parts, both edge and level triggers are specified, so 
the jumpers should go between pins 1 and 2. For CMOS emulation, 
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jumper El should go between pins 2 and 3 so that INT1~- will be 
edge-only. 


3.4.2 EMULATOR OPERATIONAL FLOW. There is a general sequence of 
events which occur during any emulator session. The flow goes 
something like this: 


1. On power up, the 9996 initializes all  cru-accessable 
locations, resets and freezes the /041SE, and clears 
out control ram and 7041SE D-RAM. It then displays the 
power-up banner to the user's terminal and awaits the 
first command input. The emulator is now in the 
"control mode" state, because the 7041SE is halted and 
the 96 is running the show. 


2. The user will then issue a variety of commands, the 
first of which is usually INIT. This command defines 
what type of processor the /O41SE will emulate, which 
clock is selected, how many external breakpoint bits 
will be used, and whether or not the clock is to _ be 
Slower that 320KHZ. After the user inputs his 
parameters, the 9996 goes off and initializes the SE, 
B/T card and random logic to conform to the init 
selections. Other commands might be entered by the 
user to map in expansion ram, assemble code in ram, 
download code from a host, or many other’ functions. 
The 9996 responds to each command by performing the 
correct cru and memory operations to accomplish the 
goal of tne command. Eventually, the user will get to 
the point where he is ready to put the emulator in- run 
mode and execute his program. He may define locations 
at which the emulator is to halt by using’ the 
breakpoint commands , or he may tell the B/T card to 
trace certain memory accesses. Again, the 96 must tel] 
the breakpoint or trace logic on which conditions it jis 
to monitor or stop the SE. 


3. When the RUN command is issued, the 96 has to go out 
and initialize the 7041SE to the proper state and then 
send the end of freeze tag. The SE will then begin 
executing user code, either out of target memory or on- 
board memory, and continue running until either a 
breakpoint is encountered or the user hits the key 
board. When the SE is executing user code, the 
emulator is said to be in "RUN" mode. 


4. Once the processor stops, the user will enter emulator 


commands to find out what the flow of his program looks 
like or where a breakpoint occurred. He may then 
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change his program and try running it again. 


5. The rest of the emulator session will continue to 
consist of this alternation between RUN mode and 
CONTROL mode. 


3.4.3 DESIGN ANALYSIS. 


This following will go into in-depth analyses of each major 
block of logic in order to give the reader a more thorough 
understanding of the emulator's operation. References will be 
made to pages of the logic diagram, P/N 2311082-9901. 


3.4.3.1 MEMORY MAP. 


The 9996 control processor, (U43), executes the control code 
stored in the 27128 16K X 8 eproms (U41 and U42). It uses the 4K 
X 8 static rams at U49 and U50 for temporary data storage. The 
chip select lines to the ram and rom are decoded by the pal at 
U44. Below is a memory map of the 9996 memory space. 
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The eproms and ram chip select signals are decoded by the 
pal, U44, according to the following logic equations: 


1. CS1 = MEMEN*(A(0)- + A(1)- + A(2)- + A(3)-). 


2. CS3 = (A(15) + W/B-)*MEMEN*A(0)*A(1)*A(2)*A(3) 


Texas Instruments 377 


EMULATOR SPECIFICATIONS 


3. CS4 = (A(15)- + W/B-)*MEMEN*A(0)*A(1)*A(2)*A(3) 


Memory cycles are qualified by MEMEN- going low before DBIN- 
or WE- go low. 


3.4.3.2 CRU ADDRESS MAP. 


The 9996 uses its serial I/O port, otherwise known as_ CRU, 
to set control bits which affect various blocks of logic on the 
emulator. CRU bits are addressed by the same address bus as 
memory locations, so there is a mechanism wy which the two types 
of accesses are identified. CRU cycles are differentiated from 
memory cycles by MEMEN- staying high while DBIN- or WE96- are 
low. CRU cycles also require that D(0) and D(1) be low. The CRU 
bit address map is given below for all signals found on_ the 
emulator board. Bits which address internal 9901 or 9902 bits 
are not included, since these can be found in the device data 
manuals. Also, bit addresses of com board and B/i board bits are 
not included unless they are brought directly to the emulator 
board via the backplane connectors. Address bits A(1) through 
A(5) are don't care bits in all cases. 
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9996 CRU ADDRESS BIT MAP 


(OR BIT | NAME! A(O) A(6) A(7) A(8) AC) A(1O) A(11) A(12) A(13) A(14)#TYP 


150000 !CRUIN9901 1R 

150000 1£N9901- 1 EN- 
‘BIT 1 !INT9902A- 'R/W 
1BIT 2. !INT9902B- 'R/W 
1BIT 3. !SEFRZQ- 1R/W 
'BIT 4 !RUNO 1R/W 
'BIT 5 !PERRQ- 'R/W 


‘BIT 6 !LNGBPQ 
'BIT 16 !96PARCLR- 
‘BIT 17 !SBPR/W- 
'BIT 18 !96CRUEN- 
'BIT 19 !96FRZ 
'BIT 20 !96ERST 
(BIT 21 !96ROR 
(BIT 22 !SFTHLD 
'BIT 23 !962XCLK 
'BIT 24 !96SECLK 
'BIT 25 !SSTPQ 
'BIT 26 !ROROK 
'BIT 27 !SOFTBP 
'BIT 28 IMC 

'BIT 29 !LD299 
'BIT 30 !LSTEVT- 


IBIT 31 }------- 1 R/W 
150040 !CRUIN9902A! 1R 
150040 JENQ9O2A- | 1 EN 
150080 !CRUIN9902B! 1R 
150080 !EN9902B- |! 1EN 
'>00BO !BPREG ! [R 
'>00BO '!LLDEC- EN 
150100 !TMAO9 PR 
150100 !LLDTC- 1EN 
(30140 !EXPMEMI- | {R 
150140 |!EXPMEMO- |! 1 EN 
150180 !FLGS- 1EN 
150180 !LOCHLT ! tR 
(30180 !TR/WCTL- ! EN 
1501B0 !TBDIN ! {R 
150190 !BITSL- 1EN 
'501A0 !EXPCRU-  ! 1 EN 
'501B0 !ALTCNTRL- ! 1EN 
150380 {!TDBITS- ! EN 
158180 !COMREG ! EN 
158180 !REGIN ! iR 


Texas Instruments 


EMULATOR SPECIFICATIONS 


3.4.3.3 SIGNAL DEFINITION. 


Below is a list of important signals used by the 9996. 
Brief definitions are given for each. 


CRUIN When the 9996 performs a TB or STCR instruction, the 
input CRU bit is selected and demultiplexed onto this 
line, which is fed back directly to the 96. 


INTREQ- When an interrupt is detected by the 9901 systems 
interface, it signals the 96 by pulling this line 
low. 


IC096 - IC396 These lines tell the 96 what level interrupt 
is pulling INTREQ- low. 


DO - D15 This is the 9996 data bus. 


XTAL1, XTAL2 These are the inputs for the crystal which 
activates the clock on board the 9996. 


POR- This signal resets the 9996 and could be pulled by a 
power-on reset, the front-panel reset button, or an 
Amp] reset. 


MEMEN- This signal preceeds DBIN- and 96WE- going low to 
identify memory accesses. 


AO TO Al5 This is the 96 address bus, used for both memory 
and cru accesses. On CRU output cycles, Al5 is 
used as the data bit. An SBO instruction causes 
Al5 to go hi and an SBZ forces it low. 


CLKOUT1, CLKOUT2 Two phases of the 96 system clock used to 
generate a 3 MHZ clock for the 9902's. 


CRUCLK A low to hi transition on this line strobes in valid 
CRU data on a read operation, and a hi to low 
transition strobes out valid write data. 


W/B- If the 96 wants to access both rams, then this. signal 
will be high during the cycle. If only one, then this 
Signal is held low and A(15) decides which ram is 
accessed. 


DBIN- Used by the 96 to enable the rams on to the data bus 
during a read cycle. 


WE96- Used by the 96 to tell the rams when data is valid on 
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the bus during a write cycle. 


3.4.4 9902 ASYNCHRONOUS COMMUNICATION CONTROLLERS - U47, U48. 


The TMS9902s at U47 and U48 are used by the 9996 to 
communicate with EIA ports A and B respectively on the back of 
the XDS chassis. The enable lines to the 9902s are decoded by 
LS138 at U38. Specific bits inside the devices are then 
addressed by address lines Al0 - Al4 on cru cycles. Specific 
information concerning the RS-232 protocal and 9902 operation can 
be found in the 9902 data manual. 


3.4.5 9901 PSI - U30. 


The TMS9901 at U30 is used by the 9996 to multiplex cru bits 
and decode 9902 interrupts. Address lines AlO through Al14 are 
used to address each port on the 9901 during cru cycles. Some of 
the ports on the 9901 are used as input only and others are used 
as I/0. The enable line to the 9901 is selected by the LS138 at 
U38. 


3.4.6 CRU INPUT DEMULTIPLEXER - U39. 


This LS251 selects one of 8 cru input bits to be multiplexed 
on *o the CRUIN line to the 9996. Address lines A/ through A9 
decide which bit is. selected. CRUINS9O1, CRUIN9S9O2A ~ ~=s and 
CRUIN9902B are the read input bits from the 9901 and 9902s, while 
BPREG, JTMAO9, EXPMEMI-, and TBDIN are read bits from the B/T and 
Comm boards. CRUMUX is a comes from the pal] at U44 and is either 
LOCHLT if AO is low or REGIN if AO is hi. LOCHLT is a cru bit 
which comes from the memory expansion card and REGIN is the 
output bit of the LS299 shift register at U21. REGIN is the bit 
used by the 96 to read back data from the /041SE. 


3.4.7 ENABLE SELECTOR LOGIC - U38, U33. 


The LS138 selectors at U33 and U38 are used to enable 
various cru devices both on the emulator and on the B/T and Comm 
boards. EN9901-, EN9S902A-, and EN9902B- are self explanatory. 
All other enable bits perform functions on the B/T and comm 
boards which are not in the scope of this document. 


3.4.8 ADDRESS DECODE PAL - U44. 
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The pal at U44 serves to generate chip select signals to the 
control ram and rom and also funnel the input from the com 
register, U2] back to the 96. CSl- , CS3- and CS4- have 
previously been defined as chip select signals for the control 
ram and rom. CRU96 is a shift clock to the LS299 and is defined 
by the logic equation: CRU96 = (DBIN + CRUCLK)*MEMEN-. COMREG 
enables CRU96 and is defined as COMREG = FLGS*AQ. CRUMUX was 
defined earlier as a multiplexed input bit which is either LOCHLT 
from the comm board or REGIN, the output bit of the LS299. 


3.4.9 S299 COMMUNICATION SHIFT REGISTER - U21. 


This parallel to serial shift register serves as the comm 
link between the 9996 and the 7041SE. When the SE has been 
frozen, the 96 will shift in tags and data to the LS299 by cru 
operations. The signal LD299 is a cru bit from the 9901 and is 
used to load the register from the data bus. When LD299 is low, 
the register will shift right each time a COMCLK is” received, 
thus allowing the register to be loaded and unloaded via cru. 
SEBOE- is an enable signal from the 7041SE which tells the 
register when to get on and off the bus. This prevents the D- 
RAMs and Comreg from being on the bus at the same time. 


3.4.10 TMS4164 D-RAM BANK U6 - U13. 


The 64K X 1 d-rams serve as the memory expansion and 
Simulated rom area for the /O41SE. The SE has no rom on chip, so 
this is simulated in  d-ram. Also, if a user maps in memory 
expansion, the d-rams are accessed instead of target memory. The 
Ras- and Cas- signals to the rams are generated internally by the 
7O41SE. RASSTP is a cru bit set by the 96 to temporarily shut 
off ras and cas to the rams when the clock source for the SE is 
being switched. This prevents data from being lost in ram. 
SEDOE- enables the ALS573 driver latch at Ul/7 on and off the bus. 
This is another signal generated by the SE which prevents the 
Comreg and d-rams from being on the data bus at the same time. 


Sot. ib PARITY LOGIC US U17 .U16;UZ0.025.. 


During every write access to the 7041SE's D-RAM bank, a bit 
1s stored in the parity ram at US which is dependent on how many 
ones are in the data byte being written. The signal BADPAF which 
1s input to the I bit of the 748280 at U16 will force the sutput 
of the parity generator to be the opposite of that expected. For 
example, if a data byte of >01 is written, PAREVEN will go high 
because the number of ones in the data byte is ODD. PARODD is 
the opposite of PAREVEN and is the bit which is stored in the 
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parity ram. Therefore, we would have stored a Q in US on this 
occasion. When the data is read back, BADPAR will go to the 
opposite value of that which was stored in the parity ram, in 
this case it will go to a1. With BADPAR being a one and the 
data byte being read back as >01, the PAREVEN line will go _ high 
Since the number of ones input to the S280 is even. If PAREVEN 
is a one on the read cycle, no parity error will result as can 
seen by looking at U25. PERR goes high when a parity error is 
found, and this will not happen unless PAREVEN is a 0. Because 
PAREVEN went high when we read back >01, no parity error occured. 
If we had incorrectly read back a value of >00, PAREVEN would 
have gone low and caused a parity error. PERR is latched at U28 
and fed back to the 9901 as acru bit for the 9996 to read. 
S96PARBAD is a signal used only in diagnostics to force parity 
errors and is always a low in normal operation. 96PARCLR- is a 
cru bit set by the 9996 to clear a previously sensed parity 
error. 


3.4.12 SOFTWARE BREAKPOINT LOGIC U2,U3,U4,U15,U45. 


The D-RAM at U3 is used by the 9996 to force breakpoints 
based on SE address bus conditions. The signals SBPDIN and 
SBPR/W- are both cru bits from the 9901 which the 96 uses to 
program the ram. If the 96 wants to cause a breakpoint to occur 
at a particular address, it sets SBPR/W- low, does a SBZ at 
SBPDIN, and then does an access (a read or write) at the address 
in question. This will store a zero in U3 at the desired 
address. SBPR/W- is then set back high. When the SE accesses 
this address again while running the user's program, the zero 
will be read out onto LNGBP-, causing LSTEVI- to go low after a 
certain timing delay. LSTEVI- is an open collector signal shared 
by the software breakpoint logic and the B/T card to cause the SE 
to stop. LNGCAS- is an artificially generated CAS- to the D-RAM. 
It was necessary to use a signal other than SECAS- because the SE 
shuts off SECAS- when doing target or on-chip accesses. This 
would have kept us from setting breakpoints when the user. had 
mapped in his target system memory or when the breakpoint was set 
on a register file location. LNGCAS- is clocked on H2 which 
allows LSTEVT- to be enabled on the right clock edge. AFRZ- 
serves to "freeze" the cas address at the output of U4 to allow 
U3 enough time to cause the breakpoint to be recognized. The 
discussion of how LSTEVT- causes the SE to stop and B/T card to 
suspend will be given in the section on the RUN/HALT logic. 


3.4.13 RUN/HALT LOGIC U51-U54. 


The purpose of the run/halt logic is to synchronize the 
Stopping and starting of the breakpoint/trace card as well as 
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Signalling the SE when a breakpoint has been detected. STOP is a 
Signal which is generated to cause both the SE and the B/T card 
to stop. The logic equation is STOP=PERRQ + SOFTBP-*LSTEVT. 
This means that parity errors will stop both the SE and the B/T 
card anytime, whereas if SOFTBP is a one, LSTEVI- will be masked 
off and not cause the SE to stop. SOFTBP is used by the 9996 to 
Stop the B/T card without stopping the SE. This is used in the 
ARM and DISARM commands which allow a user to inspect his’ trace 
buffer and set breakpoint conditions without causing the SE to 
cease executing the user's program. 


In the normal case where both the SE and B/T will be 
stopping at the same time, LSTEVI- goes low causing STOP to go 
high. STOP is fed back to the freeze logic which then halts the 
SE: When the SE stops running, the RUN line goes low. RUN is 
funneled back to U51 as RUNQ which causes STOPBTQ- and SUSPEND- 
to go low, thus stopping the B/T card. The B/T card is started 
up again when the SE starts running. RUN goes high, causing 
RUNQX- to go low, causing STOPBT and IGATE to go low, causing 
SUSPEND- and STOPBTQ- to go high which starts up the B/T card. 


In the alternate run mode, also known as ARM, SOFTBP is 
turned on, thus preventing LSTEVI- from causing STOP to go high. 
Instead, LSTEVT- will cause SFIBP- to go low, causing SHALT- to 
go low. SSTP will then go high, causing STOPBT and IGATE to go 
high causing STOPBIQ- and SUSPEND- to go low, thus stopping the 
B/T card. The SE continues running since STOP never went high 
forcing a freeze. After the B/T card has been stopped, the 96 
gains control over it by setting SFITHLD high which breaks the 
SSTPQ feedback path from U54 to U52, but keeps IGATE high through 
U53. This will hold SUSPEND- low until the 96 sets SFTHLD low, 
thus restarting the B/T card. 


3vGo44 “PREEZE “LOGIC UZ6,UZ7 035. 


The purpose of the freeze logic is to define the conditions 
under which the SE will be halted, and synchronize the starting 
and stopping with other events. When the SE is running and a 
breakpoint or parity error occurs, STOP will go high. After the 
RUN line has been high for at least 2 clock cycles, SEFRZ- will 
go low, causing the SE to stop. The 9996 will then use the 
SEFRZ- line as a data strobe by toggling 96FRZQ-. (See the 
section on the operation of the 7041SE.) Until the 96 pulls 
96FRZQ- hi, the term on pins 1,11,12 and 13 holds SEFRZ- low. 
The term basically says that we have been frozen for at least one 
clock state and 96FRZ has not yet been set by the 96. Once the 
96 pulls 96FRZ high, the term on pins 1,11,12,and 13 will never 
pull SEFRZ- low again until after the SE starts running. The 
term on pins 2 and 3 , ROROK*TRESETBQ-, is used to allow the SE 
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to remain frozen until a target reset is received. This logic is 
not used by the XDS monitor firmware at present due to a lack of 
code space. Otherwise there would be an RTR(Run on target Reset) 
command which would set the ROROK bit and set 96FRZ low. SEFRZ- 
would then wait until a target reset was sensed before going high 
and strobing in the end of freeze tag. 


3.4.15 RUN ON RESET LOGIC U36,U35. 


96ROR is a cru bit set by the 96 which will cause the output 
of the flip-flop at U36 to toggle. The output bit, ROROK, is 
used as an input to the freeze logic. Once this bit is set high, 
the SE will not enter run mode until a target reset is sensed. 
At present, this logic is not emplimented in the XDS monitor due 
to a lack of code space. IGATE is used to clear ROROK as soon as 
the SE starts running. Once the target reset is issued, 
TRESETBQ- goes low allowing SEFRZ- to go high and strobe in the 
end of freeze tag. Just before the SE goes into run mode, RESET- 
will go low and then release after the target reset is released. 


3.4.16 SE RESET LOGIC U20,U25. 


The 74851 at U20 decides when to issue a reset to the 
7O41SE. 96ERST is a cru bit which the 9996 can set to force an 
SE reset at any time. TRESET comes from the target and is 
enabled by TRESETEN. The logic equation is TRESETEN = (ROROK + 
RUNQ)*SEFRZQ-. This says that once the processor’ has been 
running and not frozen for at least one clock state, or if the 
run on reset bit is set and the processor is ready to enter run 
mode, then target resets will be enabled. 


3.4.17 INTERRUPT EDGE/LEVEL LOGIC U31,U45,U46,U37. 


The purpose of this logic is to let the user select between 
edge only or edge and level triggered interrupts. When the 
target interrupt lines are routed directly to the 7041SE, both 
edge and level interrupts will be recognized. The purpose of the 
additional logic is to allow interrupts to the SE only when a 
high to low transition on one of the external interrupt lines 
occurs. Once the interrupt is passed on to the SE, it is cleared 
until another low going edge is detected. Jumpers El and E2 are 
used to select between the two types of interrupts. PINTI- and 
PINT3- are the edge only interrupt Signals, while TINT1- and 
TINT3- are the straight through interrupt lines. 
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3.5 CLOCK LOGIC U1,U24,U28 


U1 is an NMOS clock oscillator chip whose frequency of 
oscillation is controlled by the crystal at YI. The tank 
capacitors C7 and C8 help the oscillator to come up oscillating 
at the crystals fundamental frequency. 96SECLK is a crubit which 
selects the on-board oscillator when it is a one, and the target 
oscillator when it is a zero. 962XCLK selects a divide by 4 
clock when it is one, and a divide by 2 clock when it is zero.. 
The flip flop at U28 does the actual "clock division". U24 
serves as the selector between the 4 types of clocks available, 
i.e. on-board/2, on-board/4, target/2, and target/4. 


3.5.1 BREAKPOINT/TRACE INTERFACE U18,U19U22 ,U23 ,U34. 


The SEADDRESS bus is driven out on to the motherboard by 
latches U23 and U34. The MSbyte is latched first by U18 and U19 
on the low going edge of H1, and then both LSbyte and MSbyte are 
clocked out to the motherboard on the hi going edge of Hl. 
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TMS7000 Emulator Schematics 


Texas Instruments A-] 


eV 


NOTES UNSLESS CTRERWISE SEFC RED 
ALL DEVICE TYFES ARE 


Vise 
VIC IS APPLIED TO PIN & GF ALL 8-PIN ICS, at 


2. 


w 


YO Un 


8 


PREFIXED WITH SN74. 


2211n082 1 


PE LISIONS 


7 6 5 4a 3 aa 7 


fe. OE AEP ee 


REVISE PER ENGA CHANGES 


VEO 


PIN 14 @F ALi 16-PIN IC's, PING 16 GF ALL 16- - 
oe iCRMAL RELEASE 


PIN IC's, PIN 20 DF ALL eC-Piri IC's, 


- GROUND IS APPLIED TO PIN 4 SF ALL 8-PIN 


IC*s, FIN 7 OF Ace 


Awl 16-FIN I[C'S, 


14-PIN 
PIN 10 @F Acc 29-PIN IC's, ETC. 


IC's, PIN 8& OF 


. DEVICE TYPE, FIN NUMBERS, 4NE REFERENCE 


DESIGNAT@R AF IC IS 


u2 
LS0O0 AND LSO4 
1, 2, ANS 3 
ue 4NC U'4a 


&\, 82 


Ai. OLD PINS 


CEviIce 


SHOWN &S FOLLOWS: 


i 2 
ae LS04 


ul4 
TYPE 


= PIN NUMBERS 


RESISTANCE VALUES ARE 
RESISTORS ARE Ya WATT, 
. CAPACITANCE VALUES ARE IN MICRYFARADS. 


\ 
a 


REFERENCE DESIGNATOR 


IN @HMS. 
57. 


vec 


C1 m C2 oe @ me © © @ @ @ 


[sty 
= 


PARTS LIST 


ue 
_~- KEELER 7-6-8623 


WG SS OT ESSE SPEOFEC 


°  OIMENGIONS 47E & Ma ME" ERS 
© TOLERANCES 2 PLACE CECMALS 2025 


‘PACE CECMALS 008 anamts at? 
¢ NIFORRE” Shawne PEA ONO 1000 
+ MEME 4 BARS AND Sear E0GTS 
© OUNCE NT RE” y AC9ED DUM TERS 0 25 OB 
© CME NSONA, 102 °S abn Y HEF ORE POOCE SSES 
+ PaRL Ate TCA AC COR OES nae 


TMS T7000 


20°C 00) 
FM ROS o€ 43003 
OW 17270 OS 00) 
2s OL 90S 6620523 
"90H Tem Of aG BOIS CO) 
29s °¢) 


221! 080 7119 


Nba” a4Sy St ON 
ARPLICATION 


4 3 2 


4 


Ou 


Oe meme oe 


L@GIC DIAGRAM, 
EMULATOR 


: 
g 
i 
é 
4 


Jas Texas INSTRUMENTS 
Cc. sNeree ee 


APPROVED 


Kae rg Tl’ Ce 1 


1 


vv 


/ = = 
hope SH AlI0-15) = 
oa 
\ 
be a ETAIN| soy 
CTS1- 
10 4 As = 
bd Ss CSRA- INT9902ZA- 
ELA@uT1 E1A@uT!1 
CRUINSQO2A 
RTS1- 
FROM SH.3 _,_ EN9902A— CRULN9902A 
Cc PI 
| CLAIN2 
6 TMS 9902 
| CTS2- ea RIN 
69 CTs 


DSR 


——|1 INT99IO2B = 
fRUGUT = INTP 


| = 
63 ye ot eee ee 


ELAGuTe ELADuUT2 


CRUIN9902B 


EN9I902B- CRUINO9O2B 
PULLUP PuLLUP TMS 9901 
TREM 3 te eee ee de 
SH.3 ‘) __ CRUCLK cCRUCLK 
B " EN4901- aig ae ye en tee eee — =e een MOO eee 
= a 
___FHI3 PHI3 
| INT9IIO2ZA— 17) 
SEFR2Q—- SEFREQ— INT99028 — 18 
9 
FROM | RUNG RUNQ Be 
SH.8 iin a 7, 
l FERRQ- PERRQ~- | © 37 
24 
————— SS 
FROM. SH 290 1 ENS BR) eg he LNGBPQ RASSTP vee 20 
mn SY. ee Fea on 
FROM SH. © = xt MMC Pee eee ee ee a ee MC INTIOZ P12 1, P3 22 
SER INT 1 1 
Fen ne es Rene NT TE 7 PIO , P4 
PROM! GH. Gi ae G iNTT3 7 Pq 
= MINTI¢/ PB P5 
GND Po 
U30 
NEG 
T vas INsT RL MENTS 
8 7 | 6 5 4 


RASSTP 
LDd299 


Er:a@uTi 


RTS1- 


CRUINDIO2ZA 


SOFTBP 


9OSECLK 
9G2@KCLK 


ELAGuUT2 


RTS2@- 


CRUINGIOZB 


10096 
10196 

1C 296 
1C396 
INTREQ— 
CRUIN 9901 


9 PARCLR- 
SBPR/W —- 
9OCRUEN— 
9@FRE 
IOERST 
9OROR 
SFTHLD 


96 
pa fe i 


PI 


Pp - 
Td SH.3,5,7 


TO SH. 9 


Th SH.3 


TS SH. 8 
TO SH.9 


TO SH. 10 


TO SH.8 


TO SH, 9 


slo6214| 2311082 


1 


D 


GV 


6 5 4 3 rea Ne Sa] ) 
ENYdO1- 
ey seme ee eager | 
at er ale Th $H.2 
Ey; 471073R- | 
Bhs Or Fee ee 
“SEF ae Pees Rune, 
4 ~~ 6 Ee Re So aes we 
“Ee 1b3 -— > 78 
ss! ELPUEMD— P2 
-~ 122 —_ --- 7 
ae CRUIN FLOS— TO SH. 4 
ee {LS oe eo, - 
e159 trewetc- 
ae : Ce eS 29 
‘Jide 
Je Ae F2 
i A . 
EXPCRU- 
z me > 62 
c ¥3 eran - | 
4? v4 CL. ee 28 
Cth YS | T TS- 
3e8 vob? | eee 32 
vec Ss MEMEN@~ tm SH. 4 
R14 TMS 9995 SE / 
4.7K P s4vee §=—8# TMS 9999 
ie _ Puttui degcs mEvenp-’- A(15) 
TO SH. 7 
—— --} £020 --—— 160 (MSB) Al TO SH. 2 
————— warx: ic} Re 0-15) 
a a a eee 1C2 A3 AC TO SH. 4 
: ‘L 
4 para See sve —11C3(LS8) od 
Beet So MEMCUIR a 7 
‘ | . Ao A(10) 
es oh ee Eee 20 J (mss) A ee eS 52 
BO ye Dt 48 ( 5 | 
| big) ar. as 53 
ak 
aces ean A (12) A (12) | bi 
SH. 2 23g Sle) 2 A(13) 25 
ar | Soe | = Lo CRUOUT/AIE 26 
= 5 Au a | 
Y2 C39 | = D10 CLXOuUTI 52 SEL *\e A(\5S)B S37 
¢@ MHz She | = DI CLKOUTE 2108 | 
—! ~-- 4] — 3 DIZ ey u40 
= D13 IACKF=; CLKOUTI _ 12 PHL3 | 
2 DI4 mic PSS CLKOUT2 PsP —> a 
: DIS} (LSB) CRUCLKE Ee u29 | 
58 
eee POR sa “20 L__T® SH. 2 
“61 
62 TO SH.2,4 


4 


Sa, 4+ 


TS/TR2 Di9-1S) if 


PULLUP 


Vg 


Traas ISS Tat MENTS 


Ont . t 


TO SH. 4 


Puttup _O SH.2 


"2 211082 
“an 3 


9-V 


4 (9-158) 


TMS 4016 


TMS 4016 


£16. 4% 
C$ 7 
A2. b&b 
BUN es 9 Glo) 

SALES 19 Da) 

ao) 3 Ha D2) 

wR Ere ‘2... B43) 

sg Oe ae 6 PICe: 

.-ffer <3 "BO (S) Ate) 23 
Res) Ze 'e DG) ACS) 22 
Be) i 17 D7) 

@]-=8 
< 


to 


8. 
WEIO>- 
MEMEN - 
FROM 
SH. 3 
19 
18 
_ W/B- 
17 
“RUCLK 
16 
__DBIN- dears 
_FLES- 
Fe@M su. 7. REGIN 
re LOCHLT 
aon > 
| >o 
A(1) 1 ae 
ce pee od 12 
| >o 
3 7 6 5 


A(3) 


A(2) 


cS1- 


CRUIG 


COMREG 


CRUMUX 


XN ie 
Peaxas INsTREWENIS 


2211082 ° 4 | 


Dfo-ts) 


CRUIG 


COMREG 


CRUMUX 


TOSFEROM 
SH. 3 


TS SH. 7,10 


TO SH.17 


TO SH. 3 


7 
8 


| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
! 
| 
| 
bet 
| 
| 
! 
| 
| 


em eee 
< 


1 


ES EE RR NS Oe ON 
*~ 
e 


ae ; : 
NX ite e¢ +: 4 
«yt 1% of 7S 5 » 
th . é ’ ! * 
«> i A 4 4 i 

m¢ es To -« tA? oat 
= Peek a ep : = ‘ 
. wots rr 
se _ 7 Ver Nw 
bs i 


7 


A-7 


qaon 


Bee fsb 
wT OED GS ww 
NO 2 Nw Ode 


we 5 os 
i ‘ Bie i ‘ pote eee oa: Loser @G 1-4. eae —s 
: . e: > Ob Sf Se iter i 
| , ere —_ 
i wat ‘ ‘f { ! 
| ' i vi | an “ix. 
t ! wy ea: vi aoe : H 
| r- | 71 v| Sha S | 
| 2! wT 3 wiv) | t| 
; ate bata : ws pall 
| | oy | a) 5 ori Vv wt 
: 7 - H 1 
: | i ; | | | | i 
| lo | 
ran) 1 Hs 3 H i sf | 
| 9: ») ee pid | a = ( 
Oo: oa LE 9} 
i 23 . a L - | ‘ ur 39 | 
| fa Act : | | 
i iol Te v | | 
i | Ty wt soles | 
‘ die | vw ! 
| | 7 ae —— J ai | 
| | 
| | ! | a 
: i : | ; 
| | Bite ate 
i | aa ,| | i | | 
| 8! na | rw) 
- i : 27H 
ee | y 8 Pog 
= z ok 3| 
. r * A 
v | | | * | 
| | | | 
| 3 | | 
Oy QO Osa Oo; f ! | 
id bay eg aid a ' | | { 
<4 Si | Maia : 
bl! | «= 
is | ltd | 
F | +! | | 
ee Oey a | = bd 
| | a ee i > | 
t i 3 
| ek dee - | | | 
| H | ee Se on nn i 
| | 
: ; | : | si ~ 
, | | | V1 me a) 
Te) H H id Oe) “) wo! Yo 
| as b | ' e x | | 
| 2 2 ad x 5| «w! | 
- 2, Ti 8 = g: a) 
| r '- I! a Ww o | z | 
ics. Ie. ol | 
! | ju Iw? f : 
cae | | | ~D oe ian i i | 
| | ea ve | | ’ 
~*| oe | ‘ 
| ie 
@--—----~ + seen | i | ! 
On mar ee eee | 
. j 1 | 1 
i | | | | 
! , 
Ke) | ! I | 
i; ' | | | al 
oa ce) | | S| ‘ | 
3 | 2! - ! 
. 2 : cx : | : 
i oS <! elo ; 
t a | -| a xm: : 
1 . cae i 
| | Wt waaihtestee cas 7 
i ' H Poti 8 so : 
- | 4 Dee. ee : 
| ; 1 c i } 
rue —--4 : a ' 
eats | Py 
x . : 
% . ¢ - a 
te wes ie ie 
| e " eee. | 
~~ 
4 
. : 
S 
eects ‘ 
i ! : 
t : 
, i 
HY bed 2 an 
=i a: ‘ -o? aoe 
pe eae : : cae QS: 
e bo to : Si gil 
- - wr. y ” es 
~ i % & S 2 9 
| “ : be 
i i 
3 : . = perce ae 
~~: Ce . 
~ “ ~ at 
ae so N iw 1 
te lev) 
o. 
Ni ee ee Ae ce a aE a a Er ig ae i 
c U Gs <I 


SUEN TS 


. .y 


Tr van BN cee 


| 
| 


8-V 


TMS TO41 SE 


wee 


pet SEDE 
DE ctw 


KESET SECAS 
SEFRQ SESTAT 
CLKIN SEH! 
MC SEN2 


RUN 
ee SEDATAO 

—SECATACIY 88 tee patat SEADDRO 
mente =7O5i- ee Foe HSE DATAZ SEADTDRi 
ZELATA) 82 |sepatas SELUDRE 

- SECRIRG) ___? Jseoaraa SEADDR? 
Tee w ae Coy SP 4SEDATAS SEADDR4O 
ee rie — a § 
~ SELASAO 5] SEDATAG SEADDRS 


SEDATAT SEABBRG 
SEATDRI 

A0 (LSB) : 

Al (LSB) 89 

B' 


ee ET es Ce ee 


gO Mth ee iter ae 
rae 1 a ee ee des 


= 24 


30 
Pp - 
~~, £0 
=46) 
FB 
+ oe 


be 

\2Q’ 

. 
Texas insta ser 
be we , 
ee EE EE ES 


1 


6-V 


re ZEDATA (9) 


in 
qi 
Ie 
4 
r 
1 te 
“ 
: 
ay 
8 
= 
a nS A 


Tee es | age 
I foe Opa Sy toed ee =, eo” oe rs Cees 
ae he | 1 % 
SAG ! ae yy ais hs 2 
| eee 
uey | : 
|i | 
te Shes 
Lacie ty SEDATA(T) TMS4164 14 TELATALN | 
Sod! ect et Jp 8 a Ek ahs weg pe e — 
li une | | 
i | | 
eee 2 SEDATASZY TMS Gi0G 14 SETATR/Z) | S273 | 
at ee —_-—— nn a ny! ¥ ne] 
PMA SE A —— io Ul j! Eee ‘3 1G H | 
eM ri, 2 . ee. ae i = ar: << $ = Ame EMC 4 
¥ arf mee fo. nAt ~ ~ Lt. r Stes ES - 
¥ Soe |S eDATA(a) TMS41G4 14 sepaTa(3) Silas Cen ; { 
é a Be == - SSS ee eS @ te 
E/S2-i-——- — U0 ——————2 | sd 50 r: ! 
; ed 7 bs wd 6G 2 f, 1 - eS | 
: ie SETATALAS TMS SIGS 14 SEDATG (4) as ¥e : oe oe ee 
GH ‘ 


U9 a = | [ -- 
TMS4iG4 14 sedata(s) ; | | 
UB | 


SEDATA(G) 


! 
ee oo ee wn ode 
| 
| 


TMS S164 14 SEDATQ (6) 
U7 | 
| 


TMS 4!IG4 14 SEDATQ(7) | 


° 
Ub 


SEDATA(7) 


FAR DDD 


i inn: 


TMS S164 14 PAR DOA 
uS5 | 
| 


PARDDL 


PARDDD PARDLD i 


| 
| 
i 
{ 
I 
t 
; 
Cl Re ne a oy RTT EE A SEN es ERP MOE? 2 CES ee 


See fa = he Aa eee 
| ¢ ” FRREVER : 
| $7 a a i 
Ei AG ! _ | be Q ort 
nenle Ese gas o SEDOE- “eee eee tes Bene TESS 
— eS He -—- 
| pen ENSEDATL i 25 
x he? pines 
hes 4e PEE BS 9 FARBAD a 
Bie s- cope thu = BADPAR | 
BAT SH © ee = as 
ot SET - ae ~ Ma! 
{ bis, Conte aed SEDDE ~ — zz| Ji 2G SPOT OD BLL Teese ote at ES 
Belts | [- , “ue Cfs,5 Tet oT FAK 
re ro 4 
_ | SEDOE 
‘eae _ 26274 Ce ee | 
a Pras incre ‘ } ‘ 
ES A A SP SNR gy comes eee 6 pe eo ea es pe re Oe Ce rs em fae ae 


4 


FR 7 i 6 | 5 . 4 ! 3 2 : 


re 
a 


: 


re 


> 


OL-V 


2 ja Syma Se Sebo --J 
2 Sepie SHiy.. 13. an EO tenn Sone = bape ABS Es wheat dot ett nmi fon IE MOS he inchs aut ede sheeted a 


Ve FRE2Q fom. 14 VLFURCan 


eee ee etie Seen Sees Pe Eaoaeye me fr a se ee wes Fw ered he) dant 


KUN ZQ VIN ZQ 4 es 
ae ee aia eas aaa nee bass — carats een aoe - >: a | 
S™ZP STBP | cTgP ca ait 
ie Fa pane pe ae) a el aS oe 3 Aa iam i nc cies oh nas mei ey’ ape ime gp ln fae mS eS mie, Ss oodrei'6 nls Sy" —— nila =e ay ssecp a caelad a 5 peti bsteapehetemieigsis Steesst soediak, sheen“ oa te ees cree ee oe oo ee cee ee: ee et t . 
i ere : 
| ee 
_. SEERED Ha St fos Petes tas ps eaten pane as Stes OU Seal a 
ci i 
is | ! 


Yes ge Soa tN Nis ee NO ees ai a 

| 9OFREA | | | APS I2  SEFRIQ Gb! | a 
4 

| | 

| ‘ 


[Ts 


I 
¢ 
i ‘ 
: | ' 
S ae ae | ‘ i 
ean Cee 22.1 <- OL 2S A 
ae SEFREQ— : SEFREG~ abe ; oo 
I 


ree 


ran 26 
30 +0 
40D 4G }- -—? i 
£5 50 
&Dd 62 
1D 1Q 


hee) 1G 


FRIM SHiw . IN RUN 


— 
| 
| 
l 
| 
' 
4 
Ge aioe ee aes Os SLES 4 
i 
t 
i 
t 
L 


FRor $4.19... BSESTAT RSESTAT ae = ea 


Sr had terme entianh Brace eal gh. eaves ie payee Cee yet nets ad 


SEW Stwe SaaS ie bar 


i 
J t 
t 
ee 
as i. 
By 
Cc 
2 


CY as Oe ee EN ay oe : ae @ | ee = | a ee , 
SH. & a : ae ae a | Bass Seth Ce, ee ic eps tog eel hee enc ~ Arto 2. 
{ oe i 
= : | SEW - [ ESlan- 
Ly as aa es _  _ BSEWr SSS SSS SS ar — -ame om ne - ee - - - Vos 
, | i 
| | | 
eget gl WEES ER siden | Bite Sones ae he i ee cgetee ss OREN 
| 
| SEFR2a 
' (ee . 
| | 
Be gcies 
\ | a Loy ‘ 
be = t—-AVe. 6 TRESETEN 2 
ess igo Ne MOR ne ie ee 1 oye Gtnn See Oe pee 


Rewer wees oe ete eg 


+ 


mT 


eens ae AE, CRE ES gE 14,8 OT SE Bed 6 8S OTE STD AS WEE RES omen. mee» 


> 


LL-V 


TAS GIGS 


s . 4 RP 
ie cilia A ater 
re : pees 
ee : Soe ees 
= % 
3D < : 12 
ie TEALLA Beieoe 
re Bec is a, nae 
ym eb: oe er * cies =: 
ao fi LNGAPQ- 
! Cee. = % " y ya = ee tw e 
SERLTIRC(? 
-" 480 eee, 
4 
| 


13 
pias wena yne n KrR2- 
! - eee ere 
‘47 ro 
SEPR/N- a 


yy 


7 SG Cn er ee 


he ™ a 


BSERAS = ASERAS- | 
fats din ies ss edb: <a OS) Coe aE: eee. enews eaaipitct telemcaiy: Wiei: <siicialis —>-- ‘eames eminem Sek; mem Doms deme > “iain? iammaDad gs vom’ “pos emma a ape | 


2 ' 
| | 
beoOW OH < 


> 
i“ 
i] 


tS240 
loner CLT I 


FERRQ- ne Sy 
Shar. She a ee 2 


SFTRP- 


Lo OA STOP BT beat 


1 eee 
| : 


eee sus PEND SuSFEND 


| 
bKM SH. & 7 j Age othe se Sp is i eneeeinc es Oo eee : 
| 
| 
t 


FROM SH.8 "ING KUNG | 


' 
os : IGAT 
rene’ £9 eer : 
FOEM SH. 10 ___ esectrat | a - La Pentre Ir * — 
| oe 4 2 SESTATQ- 2 pee : SES TATOO. 4 
SFTRUE es i TE S240 


rs 
») 


Se a ee 


RAR!“ RBS: 
—ver- 


%2) L7PERETAR- | 


tone nN rn re ee TA 


; ee | SUSPEND - 


- Sih, Hw -—- 10. 96214 ce ee 


2 | 1 


CL-V 


7 ls 
Le ~ ¢ . . neds 
FROM SE LATA (9-7) SeDaTa (6-7) Meo me 
SH 6&7 = akan 
s ‘ Lice7s eas he es 4D 
os SEDATAI9) aes ee [le So oes a 
Toss s Emaccy 2 : "3 es iid 
* Se ae nee qiecs ~ Pies - = -nom~ 
CELE AI) @ 45: - yore ~4 
ee eo ale, ee Oe 35 he 
fCstatare\) G4e¢ a SSETAT TG 
CSP ET AI Sy obs 4 | 
aren oy a we i 2 SLEDATSS: . 
~~: rf - ee Rs - . ’ = . wa 
SEUKTAN 7; 2 pes i ‘ 
ve SEO GEA ST ded mA ESEDAT’S) 
: ENA =e, tite Peas ares os V7 
oe ASELATIN 


oes Soe ee ey ee eee « =? 
{ wo 
FROM SH. » — SEADDR (0-7) SEADDR (0-7) SEADDR (9-7) ESEALDR (TS pnts 
: : ° ee 
~ | Orss74 s, pies Sept i 
SEADTR(O) ,2 tis Ie 2 on eee er es ek 
. SEADDR GI. 2 gt oe i: ree A i . 
: < SERED RCO) ee bee 4 i) ESEATORIG oa 
7 CERES R Cy el ied ree ee ore Se et 
Jee ee tees re ee he ESEALOR(G) | 
+> eS S tia EB Yc Oh. : ; oe 
gee w SETI 67 6D es if, mie PO an j 
-SERDERID 2 Td SEADRRACT) ~SEACI RCS a da5 agp. Pees ia ae 
SEADDR(G) |i 4 LEKTITRACGY —SEGTERCT) OO? dan at'< eee ‘aad 
SERDdR(5y ot 8  LTSELDERQUSS sa BSEARTR(G; tg 
-SEATDR (4) 1b SERS DRAG A], ,; : 
oa i dams |e RSEADDR 17) Ts cate 
. t.. rey : sk 
11 ge u23 i 
11 to]: | 
t 
| | | BSEADER (8) So 
tC woe moe - - . - Lan 

‘ ' 
| | /  Bseansei ot, 
| SEADLRQ(O) | ‘ a RSEADDR (10; | ne 

“ZeapoRaisy i [3 7S ia ce ce. 
| | ! SEASORG (ZT 017 2 iT” | BSEADSR 1 bmg 
tt nee ~SEGTSRAS) OT 1G es Se tee he a ' 

— SEADDR I) TT 3 SEADDRA/3) _SEhtare (ay 1e° "OBS EAT OR (+2) — 
B —SEADDR (aye SERDEROTE ON PERU IEG (Ss) TTT ty aseanzeca 6d, 
-SEADOR (I) {Ts SELDORA(N SEATIRR (oi | 8 oe kee eee oa 
SEAPBR(O)—1 SEATDRGIO) _ SEATS ROCF Be. RSEADDR UNG: 
ro: e ,ud (1G, ‘ 

@ +, Femme eee ee eee ee is Vo 
| BSeADdDR icy) |. | 
| LL ee ee » WA 
| 


' 
FROM SH.@._2ESTAT KK CBSESTATO OO SSESTAT BSESTAT | BSESTAT sack 


ie ALS 241 a i a °*~”*~*~C~<‘; |. 
vec —-—  U37 R13 R17 


10K 10K | 


vec — vec — ten “EVERY 
FROM SH.4_._ CRUIG 2 18 CLKINI- | CLKINI _ CLKINI- | oti 3 AORN 2 %2 hohe 


90 CRUEN = fo a SAVEDBH | SAVETB: > 
PROM SA2 LS UPS KUEN BN: LEST 6 \_14 | | ___SAVETBH ee 


FROM SH,9 2GATE rete | 


FROM Sie ss len cleeacn, peep oe, til a = 7 cr mt _ 
| ere ee) 
; Sea LAD GEDA ee Ee 
Oa ae : 


8 | 7 | 6 5 4 3 2 1 


woe pee iaesh es fe 


OE ES ES A eS Oe EE ES cS 


OIE EO aE EE Fe SS EE NL Os Ne A eS = CRO ey Ses me ene oo! 
' 


B 


pinto foes eg EE haat wba 
Pee. ARS Meat a DA 


eee 
as RRS ASS 


at 
Bes 


7 ts hee ee: aa Se! ee 4 >i x ie hye - ee) . * . 

eB, Wn a e. fe at ss Meee ‘ ees ge i < a s a : Bes Bis Pe ‘ p 
Tee ee ht RNA os eens Aaa oe rey atte ers ee tor Anes OA aye ‘ BY oBa gs eT oe et : y gene aoa. eee 
ABS SENET SS Ba Sus Meets one at e OSE Se eS ees ee Sects AIDA ne aa ae Std SoM a EWE 


x 

xa 

mr: 
‘i 


3 


U 
TEXAS 
INSTRUMENTS 
March 1984 


Revision * Creating useful products 
1603838-9701 and services for you. 
Printed in U.S.A. SPDU020: 


